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(54) Method of trandternng ultra-thin substrates and application of the method to the 
manufacture of a multilayer thin film de^ce 



(57) The present invention provid9s a method of 
trdnsf er of a first planar substrate with two major surfac- 
es to a seoond substrate, comprising the steps of; form- 
ing the first plar^r substrate, attaching one of the major 
surfaoes of the first planar substrate to a carrier by 
means of a release layer: attaching the other major sur- 
face of the first substrate to the seoorKj substrate with a 
curable polymer adhesive layer, partly curing the poly- 



mer ad^<esfve layer* disconnecting the release layer 
from the first substrate to separate the first substrate 
from the carrier, followed by curinfl the polymer adhe- 
sive layer 

The method may be used to form a stack of dies (4. 
14...) which are adhered together by cured polymeric 
layers (7.17). Each die (4. 1 4 ...) may include a device 
layer and an ultrathin substrate manufactured and as- 
sembled by the method described above, . 
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Doacrlption 



[0001] ThG present invention relates to a method of 
transferring uHra-thin substrates, in particular, semicon- 
ductor sut>strated rnciuding active devices as well as a s 
muni-layer ihin film device manufacturable using the 
transfer method. 



TECHNICAL BACKGHOUND 



10 



[0002] In order to try arid increase density of packing 
of integrated circuits and semiconductor chlp^ it is 
known to form a so called "cube" package consisting of 
a number cf pa^rvated device chips glued together in 
a stacked configoratfon. Con ventron ally these devices »5 
are connected via one cf the side surfaces of the cube 
which is perpendicular to the layers ol chips. One such 
known connection method is shown In Fig. 1 which is 
described In EP 63t 3io. It includes a cube or glued 
chips 1 with conrjeciions on one of the sidee of Ihe cube ^ 
which is perpencilcular to the layers of chips. The side 
connection connects throogh to the output pins 3 of a 
carrier 2. The cube is manufactured in the following way. 
Integrated circuit chips are formed on the upper surface 
of a wafer. Next a polymer adhesive materia! is applied 2s 
tothe top of the completed chips. The wafer is then diced 
and the plurality of integrated circuit chips are then 
stacked: one on top of another, ueing the adhesive to 
bond them together. The resulting cube structure b rath- 
er bulky as each layer of the stack Includes both a chip so 
and also a carrier (semlconducior wafer) tor that chip. 
[0003] A three-dimenskmal memory packaging is 
known from the article by Robert Bums, Warren Chase 
and Dean Frew, entitled "Utilising three-dimensional 
memory packaging and silbon on silkxxi technology for 35 
next generation recording devices'. ICMCM Proceed- 
ings 1 992, pages 34 to 40. The known device is shown 
schematkrally in Fig. 2 and includes a 3D memory 5 con- 
nected by solder to the X and Y wlrlr^g or Vouting*. €, 7 
and the ground and source potential. 6, 9 of an MCM 40 
substrate 1 0 wh»h may be built up on a silicon substrate 
n . As with the device known from EP-631 310 the indi- 
vidual layere of the 30 menrwry 5 are stacked parpen- 
dioula riy to the substrate 1 0 so that the complete assem- 
bly takes up quite a lot of space In the direction perpen- 4s 
dicuterto the substrate 10. 

[0004I A semiconductor package stack module Is 
known from EP 729 184 in Which a large scale integrated 
circu H (LSI) is mounted via fine bumps on a ceramic car- 
rier substrate or a flexible carrier film on which wiring so 
conductors are formed. A plurafity of such carrier sub- 
strates or carrier films are connected to each other by 
bumps via through holes which are decb-icalty connect- 
ed to the wiring conductors, thereby completing a three- 
dimeneional stack module. This stack takes up quite a 
IcA of toom as each layer is relatively thick as it includes 
both a carrier iayer and a ch^i. Furthdr. the connections 
are made on one skle of the cube resulting in the layers 



of chips being perpendicular to the substrate. 
[0005] 'flie above devices suffer from the problem 
that the cube packages are formed from relatively thick 
layers which not only makes them bulky but also nega- 
tively 8ffet:ts their thermal properties. 
£0006] 1 he handling of ultra-thin substrates, In partb- 
utar semiconductor substrates such as semteonductor 
grade silfcwi, is difficult as such layers are brittle and 
are easily dan^aged. In addition the transfer of more than 
one layer to form a stack rs partk^ularty difficult as the 
prevtous transferred layer does not provide a perfectly 
flat base 6»Jch thai any attempt to transfer the next ultra- 
thin substrate may result in darr>age to thre layer. 
[0007] One method of transferring thin semfconductor 
substrates Irtcluding active devices is described In US 
5,256.562 The method Is not described in detail but it 
Includes formatkNi of thin film transistors on a first sub- 
strate. The transistor side of the substrate is then glued 
to a carrier substrate using an epoxy adhesive. The car-^ 
rler may be glass. The firsi substrate wouW then appear 
to be renK-ved although this step is not described and 
the carrier .^nd theTFTs ts transferred tO a second sub- 
strate and adhered thereto with another adhesive (not 
specified). The glass carrier is then removed using hy- 
drofluoric eeid and the epoxy adheshro removed by ox- 
ygen plasma, sulphuric acU or boiling trichbrethylene. 
AltemativeV, a removable epoxy is used to attach the 
glass carrier and this Is renvoved by subjecting the opoxy 
adhesive tt> UV or microwave radiation, or chemicals 
(not specifi*KO to destnsy Ihe adhesive properties of the 
epoxy layer. The epoxy layer is then removed by one of 
the methods described above. This known teci^lque 
makes use of aggressive chemk»ls and complex pro- 
cedures which rneans that the TFTs have to be protect- 
ed by special layers. This makes the method inconven- 
ient for commercial production. Further, no method is 
described cf how to stack one layer of TFTs on another 
to form a three-dimsnsional structure of active devices. 
In fact, due to the use of aggressive chenticals the pro- 
cedure is unsuitable for forming three^menstonal ac- 
tive structures, 

AlitfS OF THE INVENTION 

[0(X)6] It is an object of the present inventkxi to pro- 
vide a method of assembly of integrated circuit chips 
which allows the production of the stack of such chips 
with high density 

[OOOS] It ir, a further object of the present invention to 
provide a somk:onduclor device and a method of nnak- 
ing the same which includes a three-dimensionat struc- 
ture of active and passive electronic devices whfch 
takes up lens room than the known three-dimensional 
structures. 

[0010] It is still a further object of the present invention 
to provide a method of safe transfer of very thin sub- 
strates, especially semkx>nductor sut^strates. 
{001 1] It Ui yet a further object of the present inventkyi 
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to provide a semiconductor davice and a method of 
making the same having a three-dimensional structure 
active and passive eiecinonic devices which has bet- 
ter thermaf and/or electrical properties than convention- 
al devices. 

SUMMARY OF J}iE liWENTlON 

[0012] The present invention may provide a method 
of transfer of a first planar sut>5trate with two major sur- 
faces to a second substrate, comprising the steps of: 
forming the first planar substrate; attaching one of the 
major surfaces of the first planar substrate to a carrier 
by mean3 of a release layer; attaching the other major 
surface of the first substrate to the second substrate with 
a curable polymer adhesive layer, partly curing the pol- 
ymer adhesive layer, and dleoonneettng the release lay- 
er from the fii^t substrate to separate the llrst substrate 
Iromtnacarrier foOowed by curing the polymer adhesive 
layer. 

[001 3] The method may include Che step of the cura- 
ble adhesive being applied to the second substrate be- 
fore the attaching step. The first substrate is preferably 
an uttra^thin semiconductor substfate formed by thin- 
ning a semiconductor substrate which is supported by 
the carrier and the release layer during the thinning op- 
eration. 

[0014] The present invention may also provide a mul- 
ti-layer then film device comprising: a plurality ol layers, 
each layer oicluding a plariar threes imensiona I inter- 
connect portion having •X". "Y" and "Z' connection rout- 
ings and adiacent thereto a planar semiconductor de- 
vice portion, the semiconductor device portion being 
connected to the interconnect portim in each layer, the 
■X' and routings lying in the plane of the interconnect 
portion and the *Z" routing being perpervdicular thereto, 
the "Z' routing in each interconnect portion t>etng se- 
lectably distributed throughout the interconnect portion. 
[0016] The present invention also includes a metliod 
of forming a multilayer thin film device; comprising the 
steps of 

step 1; attaching a semiconductor device to a sub- 
strate: 

step 2: provkjing a planar three-dimensional inter- 
connect ponion on the sut>swaiQ having "X", "Y" and 
^* connection routings adjacent to the semicon- 
ductor device, the senruconductor device being con- 
nected to the interconnect portior^ the "X* and 'Y' 
routings lying in the plane of the interconnect por- 
tion and the 'Z' routing being perpendicular thereto, 
the "Z^ routing in each interconnect portion being 
selectably distributed throughout the interconnect 
portion; and repeating steps 1 and 2 for each layer. 

(001 B] The present invention may also include a mu Iti- 
layer thin film davice comprising: a plurality of layers 
formir^g a stack of layers, each layer including a planar 
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semicondiictor device portion on an ullra-thirt Substrate, 
the planar semiconductor device portbn having a met- 
allisation layer, each layer being adhered tothene^a tay^ 
er t>y a cross-linked polymeric adhesive layen and a 
s groove within the stack, the meiallisaiion layer of each 
semicoduotor device portion being exposed in said 
groova. 

D0017I 1 he dependent claims define further individual 
embodiments of the present invention. 
10 [0018] The present invention its advantages and em- 
bodiments will now be described with reference to the 
following drawings. 

BRIEP DESCRIPTION OF THE DRAW1NQ& 

[0019] F igs. 1 and 2 show prior art devices. 
10020] f igs. dA to 3G show schematicafly nrvanufac- 
turing steps for transferring an ultra-thin substrate in ac^ 
coroance with an embodiment of the present invention. 
^ [0021] Pigs. 4A to 4E show schemaKicaliy manufac- 
turing steps to form a multi-layer stack of ^in substrates 
cn accordcince with another embodiment of the present 
invention, 

[0022] F rgs. 5A to SF show schematic manufacturing 
^5 steps for transferring uttrathin substrates in accordance 
with another embodiment of the present invontion. 
[0023] F igs. 6A to 61 show schematic ntanufacturing 
steps for ti ansf erring ultrathin eubetrates in accordance 
with another embodiment of the present Invention. 
30 [0024] F igs. 7A to 71 show schematic manufacturing 
steps for transferring ultrathin substratee in accordance 
with another embodiment of the present invention. 
[002S] F ig. 8 is a scf>enr>atic cross -sectional represen- 
tatran of a multi-layer thin film device in accordartce with 
3$ an ernbodinDent of the present invention. 

[0026] F igs. 9A to 9K show schematic manufacturirtg 
steps for manufacturing the mutti-ldyer thin film device 
shown ki I 'ig. 8. 

[0027] Figs. 10A and 6 are schematic top- and side 
40 views of a multi-layer thin film device as shown in Fig. 8. 

DESCRIPnON OF THE ILLUSTRATIVE 

EMBODIf^ENTS 

^ [0028] 1 ne present invention will be described with 
reference to certain embodiments and to certain draw- 
ings but the present invention Is not limited thereto tjut 
only by the claims. The drawings are schemalio and 
rw-limiting and certain dimensions have been exag- 

sc gerated for clarity purposes. In particular, methods oi 
transferring thin substrates will be described with refer- 
ence to the fabrication of a three-dimensional structure 
of active devices but the present invention is not limited 
thereto but only by the attached claims. 

ss [0029] A method of fomting and transferring an uUia- 
thin substrate in accordance with a first embodiment of 
the present invention will be dsficribed with reference to 
Figs. 3A to 3F Which show cfoss-eeciional rapresanla- 
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tions of xh0 manufacluring steps requirod. Fig. 3A dhowfi 
a planar first substrate l. Substrate 1 may be one erf a 
variety of suitable substrates, e.g. single crystal serni^ 
conductor sificon, semicondUfiior amorptioiis silicon, s/l- 
icon on glass, silicon or sapphir© or quartz. Actve de- 
vices and/or passive devices 2 are fonned in or on one 
major surface of the substrate 1 by conventional means 
such as. but not limited to. conventional sefniconductor 
processing techniques, for example epitaxy. The devic- 
es 2 may be any suitable active or passive devices 
wttteh may include a pfungJity of active and passive ele- 
ments. e.9. an integrated circuit. CMOS transistors, thrn 
film transistors, capacitors, resistors, memory an^ys. 
micro- or nano-engineered devices such as UV or IF=i 
sensors, accelerometers, chemical or gas sensors, op- 
to-electronic switches and circuits or similar Substrate 

1 may be a eemioonductor vwaferand the active 0evices 

2 may be a plurality ci integrated circuits or dies ar- 
ranged on the wafer i in a panern as Is well Known to 
the skilled person and whteh will be described in more 
details with reference to the second embodiment. 
[0030] Substraie 1 is next attached to a carrier sub- 
strate 5 by means of a release layer 3 as shown sche- 
matically m Fig. 3B. Release layer 3 is preferably a layer 
which may be removed easily iherniafly and/or by sol- 
vents or by any other technique which provides low 
chemfcaf, mechanical ar>d themial stress to the aci/ve 
devices 2. A thermal removal technique lor release layer 

3 should preferably not rnvoh/e heating the devices 2 
above 250*C. more preferably not above 200 *C. and 
most prof eiab Jy not above 1 SO^C. Release layer 9 may 
be a photoresist Igyer having a good themial stability, e. 
g- a melting point of 120° Cor more and preferably being 
soluble in a common solvent such asacetone. A surtable 
material for release layer 3 is photoresist A24662. avail- 
able from Hoechst. Giemnany. The release layer 3 may 
be applied by spin-coating from a solvent solution. Al- 
ternatively, release layer 3 may be made of a wax. 
[QWIJ Camer 5 may be ar^ surtable substiate, e.g. a 
further semiconductor substrate such as a single crystal 
siRoon substrate, silicon on sapphire, sflicon on glass, 
an alumina, a glass or a quartz substrate or a metal sub- 
strate such as aluminium. 

[0032] The other major surface of the substrate 1 is 
now optionally th innad by conventional grinding and pol- 
ishing techniques, by reactive ion etching, by chemicai- 
mectenioal polishing (CMP) or simHarto lOrm an ultra- 
thin planar substrate 1 .2 as shown schematically in Fig. 
3C composed of the active devices 2 and wtiat is left ol 
the substrate 1. Substraie t may also be cleaved frxjm 
the active devices 2 using any convenUonal technique, 
such as the n>echanical separation technique using po^ 
f OUB silicon as is known from £P 797 258, and substrate 
1 may be re-used. The ullra-thin substrate 1 .2 may have 
a thickness in the range 5-25 micron, and is mechani- 
cally supported and protected by the carrier 5. For ex- 
ample, the substrate thinning piocess may result in a 
thinned substrate 1 .2 which fnom now on wHI bs caUed 



a die -i. glued upside down on a supporting silicon chip 
carrier 5 using the spin^ release layer's. When an ul- 
tra-thin die 4 is not required the thinning step may be 
omitted or may be terminated before an ultra-thin die 4 
^ is obtained. 

[0033] In the next step the die 4 with its devices 2 are 
attached to a second substrate 6 as shown schemail- 
c^fh^n Fig. 3E. Aecurate placement of the die 4 on the 
second subsirsfle 6 fs preferable and may include the 
10 steps </: 

[D034] S1 . Accurate alignment of the die 4 to the sec- 
ond substrate 6 (e.g. preferably < 4/-10 pm). 
10035] S2. Appiicatran of a thin adhesive layer 7 be- 
tween I lie 4 and the second substrate 6 (e.g. preferably 
IS < 5 nm). The adhesive layer 7 should proferabty have a 
high adhesion strength, in particular shear strength, low 
thermal resistance andbeah^hfy unifdnn layer In order 
to allow stackingof lunharsubstnates on the top thereof. 
p)03q In order to realise the first requirement, a nip- 
w chip aligner/bonder may be used, for example as an 
FCe machine supplied by Kari Suss, France. Such a 
lender has an aBgnment accuracy better than +/- 3^m. 
The stated machine is precise enough to get an overall 
accuracy of placement of W- 1 0 fim. taking into account 
pos&iblo movements of the die 4 after placement, e.g. 
during tl le removal ot the carrier or the curing of the ad- 
hasive l. iyer. Another advantage of this known machine 
is the g.3od controllability of the die and second sub- 
strate temperature, as well as the applied force durhg 
30 boriding Furtftermore, temperature and force may be 
varied as a f unclfon of time in a rather general fashion. 
[00371 For the second requirement, an adhesive layer 
7 is preferred which is planarlsable, is preferably easily 
applied, e.g. by spin-coating, is preferably resistant to 
55 any chemicals or thermal conditions used lo remove or 
weaken ihe rejease layer 3. and is preferably Insulating 
and has a high thennaf conductivity Preferably, the ad- 
hesive layer 7 is cnosslinkable. i.e. curable, and ttiat on- 
cure shrinkage is not excessive and there is no outgas- 
sing of gnsses or water vapour or any bubble fbfmation. 
Further, adhesive layer? is prefierably a polymer adhe- 
sive layer. For the adhesive layer 7. a BCB material Is 
preferred. In panicufar. Cyclotene''** grades suppRed by 
Ctow of Dow, M Wland, USA are preferred. One potential 
4S advantageof using BCB material (s the reductkxi Of the. 
number <4 materials in the final stoicture, avoiding any 
non-comf)atibiIity problems as BCB nr^ay find use as a 
general insulating material in other pans of the final de* 
vice. BCf I may be applied in thin layers by spin-coating 
^0 vvilh exceflent control on unifomirty as shown schemat- 
ically in Fig. 3D and explained bek>w. The planarisatksn 
achievable with BCB is bener than or equal to 60% and 
is usually better than 85%. If two teyers of BCB are ap- 
plied, piariarisatlon better than dO% can be achieved. 
[0O38] Second subslrats 6 may have an uneven up- 
per sulfas as shown schematicaOy tn Fig. 3D as incfi- 
cated by Ihe Irregularttles 8. The actfiesive layer 7 is pref- 
erably sufficientty planarisdbia to cover such rrregulari- 
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ties 6 while prcviding a flat upper surface. One disad- 
vjintage of BCB is the poortherma) properties of the pol- 
ymer. This may be overcome by using a very thin layer 
and optionally by (he use cf thermal conductors Q m the 
layer 7 of BCB as shown schematically in Figs. 9D and 
E. Theee thermal conductors are of such a height that 
they extend through a substantial portion of the thick- 
ness ol the BCB layer 7 but not completely so that an 
insulating layer ol BCB Is stifl provided over the conduc- 
tors a. The purpose of the conductcvs 6 is to reduce the 
thermal resistance of the adhesive layer 7. thus ifYV)rov- 
ing the thermal properties cf the cfie 4 when it is attached 
and operating. In accordance with the present Invention, 
the BCB teyer 7 is kept tacky and soft until the die attach 
process is finalised. Further, It is preferred to remove the 
carrier 5 arxiS the release layer 3, without damage to the 
BCB layer 7. A suitable pix)cedure to meet these require- 
ments is; 

[0039] S3. Spin coat a thin (3 fxm) BCB layer 7 on the 
surface of the second sut>strate 6 covering any irregu- 
larities B and planarising the surface (Fig. 3D). 
[0040] S4. Pre-bake the BCB layer 7 for 30 min at 300 
to soften the BCB. 

(0041) S5. -Rip-chip- attach the thinned die 4 (using 
carrier 5 as a support) on the soft BCB layer 7 (Fig. 3E). 
The temperature at BOB - die interface is prefeiabi/ 
mainiatned at about 70'C. and the applied pressure to 
the die 4 is preferably about 80 kPa. 
[0042] S6. Post-bake the BCB layer 7 for 2 hours at 
1 20C (bek>w the melting ten^rature of the release lay- 
er 3) in a nitrogen atmosphere. After this thermal treat- 
ment the adhesive layer 7 is paitly hardened and it is 
resistant to solvents such as aDetone, 
[0043] S7. Remove the carrier 5 by placing the lami- 
nate 3, 4, 5« 6, 7 in acetone or another similar solvent 
to remove the release layer 3. The carrier 5 may be re- 
moved with a vacuum pipette. 
[(X)44] SB. Remove any remaining photoresist on the 
surface of the die 4 t>y dipping tn an acetone bath at 
room temperature. 

[0045] S9. Finally, completely curing the BCB layer 7 
using the BCB curing profile recommended by the sup- 
plier of the BCB (Fig. 3F). 

[0046] In order to test the adhesion strength of this 
method, some dtmny 5x5 mm dies 4 were attached to 
a thin BCB layer 7, following the procedure described 
above. Then, a standard die-shear test was performed. 
An adhesion force in excess of 100 N was measured for 
the 5x5 mm device (>4 MPa). Sonrtettmes after removing 
the carrier 5 from the thinned die 4, cracKs may appear 
in the thin BCB Iayer7. These disappear, however, after 
curing of the BCB layer 7 in step S9. This may be ex- 
plained by the occurrence of some flow of the BCB dur- 
ing the temperature ramp-up of the curNig process. 
[0047] The at^e process n^ay be repeated to pro- 
duce a_three dimensional stack 9 of dies 4 as shown 
schematically in Figs, 4A to ^ Ttie starting point Is the 
product cf Fig. 3F onto which a further thin layer 17 of 
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BCB is spun-coated (Fig. 4A) in order to plananse the 
surface ar <f to provide an adhesive layer 1 7 for the next 
die 14 as shown schematically in Fig. 4B. Oie 14 is ap- 
plied lotho adhesive layer 1 7 having been pre-attached 

s to a carrie' 15 using a release layer 13 such as soluble 
photoresir»t as described above for carriers, release lay- 
er 3 and die 4 (Fig. 4C). The carrier 1 5 ar>d the photore- 
sist 1 3 are then removed as descHbed above and the 
adhesive layer 1 7 baked to complete cure (Fig. 4D). This 
process may be repeated many tim es to produce a stack 
9 of dies ^ as shown in schematically in Fig. 4£. Each 
individual layer of stack 9 (each made up of a die includ- 
ing active devices arKl an adhesive layerj may be thin, 
e.g. less than 300 microns, preferably less than 1 50 mt- 

IS crons artd more preferably less than 100 microns thick 
and typically 25 microns thick resulting in a very com- 
pact device in comparison with conventional stacks as 
well as hHVing excelleni thermal properties. Thermal 
bridges 6 may be placed in any of the adhesive layers 

^ 7. 17. etc. to improve the thermal characterisiics of the 
stack 9. 

[0048] it I the above description ol the first ernbodi- 
ment the adhesive polymer layer 7 was applied to the 
second substrate 6 in step S3 however the present in- 

^ ventfion ai£;o includes applying the adhesive layer 7 (c. 
g. by spin-coaTing)tothe surface of die 4 which has been 
exposed by thinning. The transfer of the die 4 to the sec- 
ond substiate 6 may then be carried out In accordance 
with steps 84 to S9 atxwe. Note, however, that the ap- 

30 plication Ol the adhesive as described for step S3 Is pre- 
ferred as M planarises the surface of substiate 6. The 
planarisation of the thinned surface of the die 4 is nor- 
mally achieved adequately during the thinning process 
of substrate 1 and therefore a further planarisation ia not 

3S rtecessary If necessary a polishing step may be applied 
after thinning substrate 1 in order to imprxsve the planari- 
sation of trie surface of the die 4. 
[0049] lr> accordance with a secorxJ embodiment a 
plurality ol devices 22 are formed in a wafer 21 as shown 

^0 schematic^ifty in Fig. 5A. Devices 22 may t>e similar lo 
any of the devkses 2 descrit>ed above with respect to the 
first embo<iiment Wafer 21 may be any suitable wafer 
such as. lor example, a single crystal silicon wafer, a 
silicon on glass or a silicon on sapphire wafer or a quartz 

45 waf e r The wafer 2 1 may be diced to produce individual 
thick diss 24 (Fig. 5B). Each die 24 may be processed 
as above iiy attaching a carrier 5 with a release layer 3 
and transferred and attached to a second subsuate 6 
and option ally to form a stack 9 as deserted at>ove for 

*o the first embodiment. Alternatively, all the dies 24 may 
be attached to a carrier 25 using a release layer 23, e. 
g. photore^iist. as shown sc:hematk»lly in Fig 6C. Sub- 
strate 21 may then be thinned by any conventional tech- 
nique (Fig SE). The taminate may then be sawn into die 

<55 laminates 25. 23, 21 as showAi in Fig. 5E. Each of these 
die bmineces 25, 23. 2 1 is then cleaned to remove any 
debris caused by the sawing operatkvi and attached to 
a second substrate 26 by the methods described above 
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usfng a polymer adhasA/© layer 27 (Pig. 5F) including 
removal of Ihe carrier 25 and release layer 23. AUurna- 
liueiy, the wafer of Fig. 5C may be sawn rito die lami- 
nates and ihe substrate 21 oi each lanrMnaie thinned in- 
dividual ly before attach ment to a further substrate 26 us- 9 
ing an adhesive layer 27 and removal of the earner 25 
and release layer 23 (rK>t shown). 
10050) A third embodiment of Ihe present invention 
wai be descried vnth reference to Figs. 6A to I which rs 
particularly useful for the production of three dimension- 
al memory unte. The starling material is a fiutjstraie i , 
e.g. a semioonductor substrate, onto which is formed or 
deposited a layer 2 tncfuding active or passive devices 
(Fig. 6A), e.g. memory ceHs. A meiaJJIsation layer may 
be applied to the surface of the layer 2 of active and/or f^ 
passive devices and may Include one or mcsre bonding 
pads 81. Substrate 1 is attached to a carriers by a re- 
lease layer, e.g. solvent removable photoresist, as de- 
scra>ed above (Rg, 6BV Substrate 1 Is then thinned by 
conventional lechniques, such as chemical or mechan- zo 
ical grinding nnd/or polishing, to form an ultra-thin sub- 
strate 1 01 which may have a thickness of about 5 to 25 
micron (Fig. 6C). A second substrate 62. e.g, a semi- 
conductor substrate* is prepared with a laydr 63 of active 
or passive devices (Fig. 6D). An optional metallisation ss 
layer with one or more bonding pads 65 may also be 
provided. This substrate 82 is attached to the thinned 
side of substrate 101 using an adhesive layer 64. e.g. a 
polymer adhesive layer such as BCB <Pig. 6E) which Is 
softened by heating before adhesion. Substrate 62 is 30 
then thinned to form a second ultra-thin substrate 102 
(Fig. SF). e.g. S to 25 micron thicltness. The atxDva proc- 
esses are repeated to form a stack 1 03 of device layers 
attached to a substrate 104 by an adhesive layer 105 
and attached to the carrier 5 via a release layer 3 (Fig. 35 
6G). Each device layer in ttie stack 103 may include one 
or more bonding pads 6l . 85. 86, 87. The adhesive lay- 
ers 84... 105 in the stack are now baked at a suitable 
temperature, e.g. about 120*0, lo make them resistant 
to solvents such as acetone. The carrier 5 is then re- 
moved from the stack by dissolving away the release 
layers in a suitable solvent, e.g. acetone (Fig. 6H). The 
stack 1 03 is then baked to completely cross-link the ad- 
hesive layers 84... 105. Finally, the stack 103 may be 
etched or grooved to form a groove 106 through all the *s 
layers of stack 1 03 (Fig. 61). This groove lOS may ailow 
access to all the metallisation devk:e layers in stack 103, 
e.g. the bonding pads 81, 85, 86. 87 may be exposed. 
Contact metalfisaiion (not shown) may be applied to the 
surfaces of the groove 106 to make contacts with the ^ 
metallisations of the device layers. 
[(X}51] A fourth embodimertt of the present invention 
wai t>e described with reference to Figs. 7A to I. TT^e 
starting maieriat is a substrate 1 with a layer 2 deposited 
or formed tt>ereon or therein which may include active ss 
or passive devices. The layer 2 may also include a met- 
allisation layer including one or more bonding pads B1. 
A trench gi Is then lormed, a.g. by etcrhing. ion milling 
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or simrbir through device layer 2 into substrate 1 (Fig, 
7 A). A iMyer 107 of nsu latin g material, e.'g. a BCB layer 
is then deposited over the compfele surface of the de- 
vice layfir 2 filling the trench 91 (Fig. 7B). The insulating 
layer ^07 is then patterned t>y conventkxtat technk^ues 
to form a via hole above the bondtng pad 61. A metalll- 
satton layer is then deposited and patterned to form a 
metallisation strip g2 (Fig. 70), The strip 92 extends so 
that it overlaps the trer«h 91 .The fop surface of insulat- 
ing layei 1 07 is then adhered to a carrier 5 by a release 
layer 3 such as a solvent release layer, e.g. photoresist 
(Fig. 7D). Substrate 1 rs then thinned by conventtonal 
techniques to fomi an ultra-thin substrate 101. The thin- 
ning should be sufficient to make contact with the bottom 
of the trench of the insulattng layer 107 (Fig. 7E). A fur- 
ther eub^^trate Is prepared with a device layer 83. an in- 
sulating layer 108 and a metallisation ^rip 92 wheh is 
attached to the under side of the substrate 101 by a pol- 
ymeric adhesive layer, e.g. BOB, 84 (Fig. 7F). "me sub- 
strate is thinned to an ultra-thin substrate 109. 
[0052] The above process i$ repeated and comlnued 
until a stack 103 of device layers 2. 83.,,, thinned sub- 
strates 101, log... and Insulating layers 107, l0B...,i6 
obtained (Fig. 7F). Each layer may have one or more 
metallisation strips 92-95. The trenches of the insulating 
layers 107, 108 are preferably aligned one atx>ve the 
other. The adhesive layers 84.. are partially cross-linked 
by raising the temperature of the stack 103, e.g. to 
120*C. After partial cross-linking the carrier 5 is re- 
moved by a solvent such as acetone (Fig. 7G). 
(D0S3] The aligned trenches are then etched or Ion 
milled to expose the metallisation strips 92-95 (Fig. 7H). 
As shown in Fig. 71 which is a top View of the device, the 
metallisation strips 92-95 may be offset from each other, 
so that each may be accessed separately. A suitable 
metaltisaiion rriay then be applied (not shown). 
[00S4] In accordance with a fifth embodirnent of the 
present Invention the at>ove method of attaching ultia* 
thun dies to a eubstiaie to form a slack may be used to 
form a multi-layer thin film dsvk» 70 ncluding a three- 
dimensional structure which includes a three-dimen- 
sional inierconnect 71 for connecting to the semicon- 
ductor d<!Vlc€ ponton 72 which may include a stack of 
semiconductor device layers 73 as shown schematically 
ir> Fig. 8. The multi -layer thin film device 70 is very com- 
pact and has excePent thermal properties. The three- 
dimensional interconr^ect 71 in accordance with the 
present inventkyi includes connection paths or wiring 
layers or connections in all three orthogonal space filling 
dimensions, i.e. X, Y and Z loutrng, for irrteroorK*ecting 
the semiconductor devices in the device layers 73 
among themselves and to external. 
[0055] Apref erred nnathod and multi-layerthin film de- 
vice 70 in aocoitlance with the fifth embodiment wilt be 
descrft>ed with reference to Rgs. 9A to K. A substrate 
46 is first prepared. This sut>strate 46 may be any suit- 
able subotrate, in particular, any substrate v^ich may 
h& used lor MCM processing suc±i as single crystal Sil- 
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icon, silicon on glass, silicon on sapphire, alumina. alu« 
minium. An insulating tayer 3i is then opiionaiiy depos- 
ited (Fig. 9A). Layer 31 may be any suitable Insulating 
lay^r such as. for example, an oxide layer or a spin-coat- 
ed BCB layer or layers which has (l^ve) a high level ol 
planarlsation, e.g. 60% or belter, more preferably 85% 
or better. The insulating layer 3i may have a thickness 
of between 1 and 5. A first interconnection metaBlsation 
32 IS deposited onto the insulating layer 31 and pat- 
terned in accordance with conventional techniques (Fig. 
9B). For instance, the first Interconnection metattisation 
32 nnay include a 2 micron Ti/Cu/TI laminate. The first 
metafiieation 32 may be produced by magnetron sput- 
tering ol a 30 nm/2 micron/30 nm Ti/Cu/Ti wiring layer 
with a wiring line thickness of 10 micron and a wiring 
line spacing of 20 micron. Alternatively, the first metalli- 
sation may be formed by padem plating copper wiring 
lines. First a tin seed layer is sputtered followed by the 
deposition and patterning of a 1 5 micron thick resist. The 
resist is patterned ar>d the copper metal is plated in the 
rssist openings using a jet-piating method. The wiring 
linesmay bea ennall as 1 0 micron In width and 10 micron 
in thickness. 

[0056] The first interconnection metailisation 32 lorms 
pan of the X and Y touting of the interconnect 71 (the 
dinransions X and Y are orthogonal and lie in the plane 
of the substrate 46. The Z direction is perpendicular to 
this plane.}. The X and Y routing 32 rnay be applied typ- 
ically with a pitch of 50 microns or less and the posKion 
of the individuai metallisation elements may be freely 
selected. Next metal, e.g. copper, studs 33 are plated 
onto at least a part of the first interconnactiori metal&sa- 
tion 32 (Fig. 9C). The height of the metals studs 33 is 
preferably choseni to be approximately the same thtek- 
ness as the thinned die 44 which will be applied in the 
next steps. The studs 33 form part of the Z routing of the 
inte/cormecl 71 in accbrdanoe with the present inven- 
tion. The 2 routing bi acoordance with the present in- 
vention may typically have a pitch ol 1 00 micron or less. 
[0057] The $ttxis 33 may t>e produced In a jet-plating 
cell /Mtematively a conventional parallel plate plating 
cell may be used. Between the arKide erf the cell and a 
sutsstrate 46 an anode shiekj may be placed. This anode 
may be a solid plate with holes approximately the size 
of me substrate to be plated. This is dons to obtain a 
more homogeneous plating. The obtained plating re- 
sults obtained in this bath may be summarised as : 

Ptatffig current 1 A/dm2 : +/- 0.1 6 jim/mtn : unMomv 
ity over wafer = +A 6 % 

Plating current 3 A/dm2 : 0.50 pm/min : uniform- 
ity over wafer a 15% 

The plating uniformity between neighbouring leaiures of 
different size is typically better than 3^o. A plating nor- 
unifonmity up to 10 % is stocep^^hi^ tot the studs 33 in 
aoeordanee with the preseAi invention. Therefore a plat- 
ing speed of around 0.25 micron/min may be used. 



[0058] In cirr^er to realise the small studs 33. the plat- 
ing may oe pftrformed using a thick photoresist such as 
AZ4562 P^ir. ^^^ist is applied as a 15 to 20 pm thick 
layer ' t h ii : .^xct^^llent resolution and a high resistance 
5 to platinci soK'iions. Studs 33 nnay be in the range 10 to 
80 Mm :n OLiir:^:i!erwithathicknessof betweenSpmand 
12 urn in heitJ' »t. 

[OQSd] A ih'! t coating of a polymer adhesive layer 47 
is now ct^>pti&u io the complete surface ol the substrate 

10 46 {Fig ' '0) t m instance, the adhesive layer 47 is pref- 
erably M thin polymer layer such as a spin-coated BCB 
layer. l>f : * :Cn 'ayer 47 preferably has a thickness of 1 
to 5 mici .Mi i vfeierably. Cyclotene™ 3202 from Dow is 
used fo: itii layer 47. The BCB layer 47 Is now pre- 

r5 baked Ic 3f ) min at 30C. A thinned die 44 is now trans- 
ferred to anc^ned with and attached to the BCB layer 47 
by any ... rh'^ .echniques lor transfer of uttia-thin sub- 
strate^ i S di/^crlbed above (Fig. 9E}. For example the 
thinned ^4 is attached onto the soft BCB layer 47 
using ck> riv- 45 as a support attached lo the die 44 by 
a releit&c- luj-er 43. e.g. photoresist. Die 44 is preferably 
an inte^r^i'-^U circuit having die bond pads 48 for elec- 
trical ooTM .'on thereto. The temperature at BCB - die 
interta^-^ is ineferably maintained at about 70*C, and 

2S the appii id , if cssure to the die 44 is preferably at>out 80 
kPa. The BCL^ layer47 is now post-baked the lor 2 hours 
at 120C botow the melting temperature of the release 
layer 42 tn .it nitrogen atmosphere. After this thernrkal 
tfeatrr»e»' t, the adhesive layer 47 is partly hardened and 

30 it is r^^M t^Ki lo solvents such as acetone. The carrier 

45 may i e removed by placing the laminate 43, 44, 45. 
46. 47 rn solvent such as acetone but the present in- 
vention i . :oi limited thereto. The carrier 45 may be re- 
moved v.mI' a vacuum pipene. Any remaining photore- 

35 sist on 1 u< duriace of the die 44 may be removed by 
. dipping 1 1 fin acetone bath at room temperature. Finally, 
the BCB ayr:r 47 is connpletely cured using the BCB cur- 
ing proii e rooomrrtended by the supplier of the BCB 
(Ftg. 9F) 

40 [0060] .A 11 itck photo-BCB layer 34 is now applied to 
the compiC'C? surface of substrate 46. e.g. by spin-coat- 
ing. Pho^o-??CB is a photosensitive BCB material avail- 
at>lev msiance. from Dow (Cyck^ene^** 4202 is par- 
ticularly jrelorred). The photo-BCB layer 34 is panemed 

45 and vias 35 opened on studs 33 and a cavity 36 opened 
on and k ound the die 44 (Rg. 9G). A second min pnoto- 
BCB UA\^t is deposited on the complete surface of 
the 8Ul3e lu-.i.> 46 and pattemed to open the vias 35 on 
the stud • '^.3 again and to open viaa 38 on the die txand 

so pads -i ic]. dH). The upper surface of the substrate 

46 is new city etched to remove any BCB residues in the 
via hole: • Jis 38 and to remove any adhesive layer res- 
idues oi ?iuds33. Because of the height of the studs 
33. the 'trihosive layer 47 on top of the studs 33 will be 

ss significBntiy thinner than below the die 44. 

[0061 ] i'lext a second metallisaiion layer 4d Is applied 
which c Mntacts the studs 33 and the die pads 48 (Fig. 
91). This, .netallisation layer may ba a Ti/Cu/TI layer, e. 
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g. 30nm/2 micron/SO nm r^speciively- The second mel- 
allisalion layer 49 forms part C3f the X and Y muling of 
the interconnect 71 in Bccotd&rtoe wrth ihe present in- 
vention. The X and Y routing may have a pitch of 50 
microns or less. Inieriayer studs 53 are now plated onto 
the second nr^etaNieation Iayer4g to provide a part of the 
Z routing of the intefoonnect 71 between the (ayeie 73 
of the final device 70. Studs 5S do not fiave to be aligned 
with studs 33 and their position may be chosen freely. 
The Z routing may have a pitch of 100 microns or less. 
Finally, the upper surface of the substrate 4G is 
planarised with a spun-coated BOB layer 57 (Fig. 9 J} 
which will also fomr> tha planarised base for placing the 
next die 54. 

[0062] The sequence off operations described above 
may now repeated with the next layer ol the semicon- 
ductor device portion 72 and ihe interconnect 71 which 
includes a third metallisation layer 52, a thbi polymer 
adhesive layer (BCB) 67. a thinned die 54 with die pads 
59. studs 63, first photo-BCB layer 64, a second pholo- 
BCB layer 65 and a fourth interconnect metallisalion 69. 
The thinned die 54 need not be in alignment with the die 
44. Instead its position may be freely chosen. The studs 
63 need not be aligned with the studs 53 or 33, their 
position may be freely chosen. More layers can be add- 
ed to form a final threo dlmansional structure ol a mul- 
tilayer thin film device 70 as shown schematically In Fig.. 
9K. The final layer 75 may be a passivation layer to pro- 
tect the complete device 70 and to risduce stresses 
therein. Each layer 73 of the device 70 may have a thick- 
ness of less than 300 microns, preferably less than 150 
microns and most preferably less than 100 microns. 
[0063] A multi-layer thin film device 70 according to 
the fourth embodiment is shown schematically in top 
view in Fig. 10A and side-view in Fig. 10B. The device 
layers 73 are connected electrically to power and 
ground fines 112, 113 as well as to X, Y, and Z routings 
114. e.g. signalwlringtyplcally intheformof oneormore 
busses. To avoid cross-talk il is preferred if the signal 
routings 114 are mlcfosti^ lines or striplines. Both the 
upper surface and the lower eurfaee of each device layer 
73 may be provided with metallisation layers 111 forcoTY- 
nection to the power or ground wires 11 2, 11 3 and signal 
routings 114. The above mutti-layer thin film device 70 
has an interconnect 71 in which the X, Y and Z routing 
a freely selectable in their position. Further, the semi- 
conductor devices, e.g. the dies 44, 54 of a layer 73 are 
ultra-thin and may be safely transferred by the transfer 
method descrfaed with reference to the above embodi* 
ments. This provides for a very compact design. Further, 
the compact design provides a multt'thin film device 70 
with eaooellent thermal properties. 
[O064] While the invention has been shown and de- 
scra^ed with reference to preferred embodiments, it wid 
be understood by those skilled in Ihe art that various 
changes or modifications in form and detail may^Jbe 
made without departirt^ from the scope and spiril ot (hb 
invention as defined in the attached claims. For in- 
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stance, lha multi-layer thin fi^ device 70 has been de<* 
scribed /ibove with reference to only one tiie per device 
layer 73 The present invention also includes a plurality 
of dies in one or rrK>re layers of device 70. 

s pmwi Further, the thermal bridges 8 have benn de- 
scribed with referertce to the stack and manufacturing 
method shown in Fig. 4 but the present inventcori spe- 
cifically includes using thermal bridges Q in any of the 
polymery adhesive layers in each or any of the embod- 

10 imenis the present invention. 



Claims 

'5 1 A m^nhod of transfer of a first planar substrate with 
two rnajor surfaces to a second substrate, compris- 
ing the steps of: 

forming the first planar substrate, 
-20 Jiltaching one of the major surfaces of the first 

planar sut>strate to a carrier t7y means of a re- 
lease layer; 

.attaching the other major surfew^e of the fiist 
^substrate to the second substrate with a cura- 
^ ble polymer adhesive lay@r; 

fsartly curing the polymer adhesive layer, 
disconnecting the rolease layer from the first 
:tubstrate to separate the first substrate from 
ihe carrier, folbwed by 
30 f ;uring the polymer adhesive layer 

2. The method according to claim 1 . wherein the cur- 
able adhesive is applied to the second substrate be- 
fore the attachir>g step. 

35 

3. The method according to claim 1 or 2. further com- 
prising the step of thirining the first substrate after 
Ihe attaching step and before the diaconnecting 
step 

4C 

4. The method according to claim 3, wherein the 
thinned first substrate has a tiiickness of 5 to 25 mi- 

cnon 

5. The method according to claim 3 or 4. further com- 
prising the step of attaching a secorx^ substrate to 
the thinned exposed surface of the first substrate 
tTSfore the disconnecting step. 

so 6. The nnethod according to any previous claim, fur- 
ther comprising the step of attaching a third 3ut>- 
strate to the e)q)Osed surface of the first substrate 
after tho dlsoormecting step. 

S5 7. The methodaccordingtoany previous claim where- 
in the first substrate includes active and/or passive 
electronic devices. 
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8. The method according lo any prevjou^ claim, 
wherein the ralease layer includes a s^ent remov- 
able tayer. 

g. The method according to any of ihe previous 
claims, wherein the first substrate includdd a semi- 
conductor substrate. 



IS, 



e xposed In said groove. 

The multi'layer thin film device according lo claim 
1 4 wnioh is a memoiy. 



IOl The method according to any previous claim, 
wherein the polymer release layer le BOB. 
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11- A muhh layer thin film device comprising: a plurality 
of layers, each layer trKluding a planar three-dimen- 
eioral interconnect portion having "X** 'V ^d "Z* 
connection routirigs and adjacent thereto a planar 
semtconduclor device portion, the semiconductor 
device poaion being connected lo the interconnect 
portion in each layer the "X" and "Y" foulings lying 
in the plane of the interconnect portion and the 7 
rouimg being perpendicular thereto, the 'Z^ routing 
in Odcti interconnect porlion being selectably dis- 
tributed throughout the interconnect portion. 

12. The muh« liiyer thin film device according to claim 
11 wvhcfcin the thickness ot each layer is 300 mf- 
cron& or I05S preferably 150 microns or loss, more 
proiorhbiy 100 microns or less and most preferably 
50 mic'ons or less. 

13. A mothod of forming a multi-layer thin film device: 
compfi&mq the steps of 

slop ^ Mitaehing a semiconductor device to a 
subsl'Htc 

step 2 piDvding a planar three-dimensional In- 
terconnect porlion on the substrate having "X", 
•Y' ^nd "Z' connection routings adjacent to the 
scm conductor device, the semiconductor de- 
vice being connected to the interconnect por- 
tion v\Q •X* arK* •Y" routings lying in the plane 
or the mlerconnect portion and the V routing 
bc ng perpendicular thereto, the *Z" routing in 
e^ch inicrconnecl portion t>eing selectably dis- 
tributed .throughout the interconnect portion; 
and 

repeating steps 1 and 2 lor each layer. 

14. A muUt-kdyer thin film device comprising: 

a plurality d[ layers forming a stack of layers, 
each layer including a planar semiconductor 
device portion on an ultra-thin substrate, the 
planar scmicor^ductor device portion having a 
metallisation layer, each layer of the stack be- 
ing adhered to the next layer by a cross-linked 
polymeric adhesive layer; and 
a groove within the stack, the metallisation lay^ 
er'of each semiconducior device portion being 
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